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Summary
Objectives:  This  study  was  conducted  in  general  operating  theaters  at  public  and  pri-
vate  hospitals  in  the  Gaza  Strip,  Palestine  to  determine  the  prevalence  of  bacterial
contamination  of  different  objects.
Methods:  Swabs  were  collected  from  21  items  that  were  distributed  over  three  cate-
gories  (equipment,  environment  and  personnel).  In  total,  243  swabs  were  collected
at  pre-  and  post-operation  stages  and  were  cultured  and  identiﬁed  using  standard
microbiological  procedures.
Results:  The  results  show  that  24.7%  of  the  swabs  were  contaminated  with  microor-
ganisms.  The  equipment,  environment  and  personnel  were  responsible  for  45%,
48.3%  and  6.7%  of  contamination,  respectively.  The  rate  (26.9%)  of  contamination  in
the  post-operation  samples  was  higher  than  in  the  pre-operation  samples  (22.6%),
but  the  difference  was  not  statistically  signiﬁcant.  In  addition,  there  was  not  a  sta-
tistically  signiﬁcant  increase  in  the  prevalence  of  contamination  in  private  (28.7%)
compared  to  public  hospitals  (21.8%).  Of  the  seven  bacterial  genera  that  were  recov-
ered,  the  highest  percentage  belonged  to  Staphylococcus  spp.  (45.3%)  followed  by
Enterobacter  spp.  (23.4%).
Conclusions:  This  study  reveals  a  moderate  percentage  of  contamination  in  our
public  and  private  hospital  general  operating  theaters,  which  may  increase  the
risk  factors  for  developing  surgical-site  infections.  These  observations  justify  more
attention  being  paid  to  infection-control  efforts  in  our  hospitals.
©  2011  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.  Published  by  Elsevier
Ltd.  All  rights  reserved.∗ Tel.: +970 599 560533; fax: +970 8 2823180.
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Introduction
The  hospital  environment,  especially  the  design
of the  wards,  operating  theaters  and  associated
facilities, plays  an  important  role  in  the  spread  of
hospital-associated  infections.  The  operating  the-
ater is  a  complex  environment  that  poses  a  high  risk
of infection  for  patients  and  health  care  workers
who may  easily  contract  diseases  because  of  their
long exposures  to  various  risks,  including  chemical,
physical  and  biological  factors  [1].  The  contamina-
tion of  operating  theaters  is  considered  among  the
most common  life-threatening  sources  of  nosoco-
mial infections,  particularly  in  patients  undergoing
transplant  surgery,  open-heart  surgery,  cystoscopy
and  transurethral  resection  of  tumor  masses  [2].
The  operating  room  is  a  room  speciﬁcally  used
for the  anesthesia  and  surgical  teams  and  should  not
be used  for  other  purposes;  however,  it  is  consid-
ered to  be  one  of  the  most  hazardous  environments
in the  health  care  system.  Therefore,  microbial
contamination in  the  operating  room  is  a  major  risk
factor for  surgical-site  infections  (SSIs)  during  clean
surgery [3].  Modern  operating  rooms  should  be
aseptic environments  where  the  use  of  preventive
measures and  tools,  such  as  surgical  masks,  fre-
quent air  exchanges  and  architectural  barriers  are
recommended  to  reduce  airborne  microbial  pop-
ulations.  However,  failure  in  surgical  techniques,
host contamination  or  hematogenous  seeding  con-
tributes to  post-surgical  infections  [4].
The microbiological  contamination  of  the  air  in
the operating  room  is  generally  considered  a  risk
factor for  SSIs,  even  during  clean  surgery  [5,6].  Nev-
ertheless,  the  greatest  number  of  bacteria  in  an
operating  room  originates  from  the  health  staff,
usually  because  of  surgical  activities.  A  person
releases about  10  million  particles  per  day,  and
approximately  5—10%  of  these  particles  carry  bac-
teria. During  an  operation,  staff  members  that  are
nearest to  the  operating  table  carry  the  greatest
chance of  contaminating  the  wound  [7].
Wound-site  infections  are  a  major  source  of  post-
operative  illness,  accounting  for  almost  25%  of
all nosocomial  infections.  Surgical-site  infections
account  for  10—20%  of  health  care-related  infec-
tions, which  prolongs  the  hospital  stay,  thereby
increasing the  health  care  costs  [8].  Furthermore,
these infections  may  produce  lasting  sequelae
that require  extra  resources  for  diagnostic  tests,
management  and  nursing  care.  Therefore,  the  pre-
vention or  reduction  of  wound  infections  is  relevant
for achieving  less-expensive,  better-quality  patient
care [4,8].  The  introduction  of  modern  surgical
facilities, draping  strategies,  laminar-ﬂow  operat-
ing rooms,  implant  sterilization  techniques  and  the
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rophylactic  use  of  antibiotics  have  signiﬁcantly
educed the  occurrence  of  perioperative  contam-
nations  [9,10].
In  the  Gaza  Strip,  there  are  six  main  public  hospi-
als and  four  private  general  hospitals  where  most
f the  surgical  operations  are  routinely  performed.
hese hospitals  and  the  health  branch  in  general
re suffering  due  to  closures  and  sieges  on  the
aza Strip,  where  basic  and  advanced  equipment
nd instruments  are  either  unavailable  or  scarce.
rom December  2008  to  January  2009,  the  war  in
he Gaza  Strip  worsened  this  situation.  The  infec-
ion control  units  in  these  hospitals  perform  a  small
umber of  routine  microbiological  investigations  of
he operating  theaters;  however,  these  data  are  not
vailable or  published.
This  study  was  designed  to  determine  the  preva-
ence and  variety  of  bacterial  contaminations  in
perating theaters  in  selected  public  and  private
ospitals  in  the  Gaza  Strip,  Palestine.
ethods
his  study  was  performed  at  two  major  public  hos-
itals and  two  private  hospitals  in  the  Gaza  Strip
rom the  beginning  of  November  2008  to  the  end  of
arch 2009.
The public  and  private  hospitals  that  were
ncluded in  this  study  are  secondary  hospitals.
he two  public  hospitals  have  707  general  beds,
hereas  the  two  private  hospitals  have  116  general
eds.  The  hospitals  were  distributed  over  the  entire
rea of  the  Gaza  Strip  from  north  to  south.  Annually,
4,977 patients  are  admitted  into  these  public  hos-
itals, and  21,978  major  operations  are  performed
er year.  In  the  private  hospitals,  10,050  patients
re admitted  annually,  and  5218  major  operations
re performed  each  year  [11].
ampling and sample size
he  samples  were  collected  from  each  hospital
n three  separate  occasions.  During  each  visit,  a
ell-trained  medical  technologist  collected  swabs
rom designated  items  in  the  operating  rooms  of
he general  operation  theater  in  each  hospital.  The
wabs were  collected  from  human  (surgeons)  and
on-human  (surgical  equipment,  instruments  and
nvironment)  sources.  For  each  session,  two  swabs
ere collected,  one  being  collected  before  the
tart of  the  surgeries  (pre-operation)  and  the  other
ollected  when  the  surgery  was  completed  (post-
peration).  In  total,  243  swabs  were  collected,  142
58.4%) from  the  public  hospitals  and  101  (41.6%)
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Table  1  Distribution  and  frequency  of  contaminated  samples  according  to  hospital  and  onset.
Place  onset  Public  1  (61)  Public  2  (81)  Private  1  (51)  Private  2  (50)  Total  (243)
Pre-op.
Frequency  5  5  7  11  28
%  hospital  8.19  6.17  13.72  22.00  22.58
%  grand  total 2.05  2.05  2.88  4.53  11.52
Post-op.
Frequency 7 14 2 9 32
%  hospital 11.47  17.28  3.92  18.00  26.89
%  grand  total 2.88  5.76  0.82  3.70  13.16
Total
Frequency  12  19  9  20  60
%  hospital  19.66  23.45  17.64  40.00  100.00
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o%  grand  total  4.93  7.81  
rom  the  private  hospitals.  The  formal  approval  to
onduct this  study  was  obtained  from  the  Pales-
inian Ministry  of  Health  and  from  the  director  of
ach hospital  that  was  included  in  the  study.
icrobiological procedures
efore  and  after  the  operations,  a  well-trained
bserver used  sterile  cotton-tipped  swabs  to  collect
amples  from  surfaces,  equipment,  the  operat-
ng room  walls,  the  ﬂoor,  medical  tools,  surgical
nstruments and  the  surgeons  who  were  working  in
he operating  theaters.  The  swabs  were  inoculated
nto blood,  MacConkey  and  Baired-Parker  agars
sing an  aseptic  streaking  technique.  The  inocu-
ated plates  were  incubated  aerobically  at  35—37 ◦C
or 18—24  h.  The  characteristics  of  the  cultures,
ncluding colony  morphology,  pigment  production,
ugar fermentation  (e.g.,  lactose  fermentation),
emolysis and  swarming  growth  were  examined.
ifferential and  selective  characteristics  for  each
gar medium  were  recorded.  When  no  growth  was
bserved  on  plates  after  24  h,  the  plates  were  re-
ncubated  under  the  same  conditions  for  a  further
4 h  before  discarding  the  plates  and  recording  neg-
tive results.
Identiﬁcation  of  the  bacteria  was  based  on
onventional techniques  and  procedures  that  are
escribed  in  Bergey’s  Manual  of  Systematic  Bac-
eriology  and  the  Manual  of  Clinical  Microbiology
12,13]. Biochemical  identiﬁcation  kits,  such  as  API
ystems for  Enterobacteriaceae  and  Staphylococci,
ere used  to  identify  the  bacterial  isolates  at  the
pecies level  [14].tatistical analysis
he  results  were  tabulated,  encoded  and  statis-
ically analyzed  using  the  Statistical  Package  for
p
i
o
93.71  8.23  24.68
he  Social  Sciences  (SPSS)  version  13  software.
ifferences in  the  prevalences  of  bacterial  contam-
nation  between  public  and  private  hospitals  and
etween  pre-operative  and  post-operative  samples
ere compared  using  a  Z-test.  A  P-value  of  <0.05
as considered  to  be  statistically  signiﬁcant.
esults
revalences of bacterial contamination in
ublic and private hospitals
he  results  show  that  the  overall  percentage  of
ontaminated  samples  from  the  four  hospitals  at
oth stages  (pre-operation  and  post-operation)  was
4.68% (60  out  of  243  samples  were  contaminated)
Table 1).  With  regard  to  the  onset  of  contamina-
ion, the  total  number  of  contaminated  samples
ollected in  the  pre-operation  stage  from  all  hospi-
als was  28  out  of  124  samples  (22.6%),  which  rep-
esents  11.52%  of  the  total  number  of  samples.  The
otal number  of  contaminated  samples  in  the  post-
peration  stage  from  the  four  hospitals  were  32  out
f 119  (26.9%)  samples,  which  represents  13.16%
f the  total  number  of  samples  (Table  2).  These
esults  demonstrate  that  there  were  no  signiﬁcant
ifferences in  the  prevalences  of  bacterial  con-
amination  of  the  equipment,  the  environment  and
he personnel  between  the  pre-operation  and  post-
peration  stages  (P-values  were  0.20,  0.93  and  0.68
espectively).  In  addition,  there  was  no  signiﬁcant
ifference between  the  prevalences  of  bacterial
ontamination in  the  pre-operation  and  in  the  post-
peration  samples  (P  =  0.44).  However,  the  overall
revalence  of bacterial  contamination  was  higher
n the  post-operation  samples  compared  to  the  pre-
peration samples  (95%  CI  18.92—34.86,  26.9%  vs.
5% CI  15.22—29.94,  22.6%,  respectively)  (Table  2).
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Table  2  Differences  in  bacterial  contamination  between  pre-operation  and  post-operation  stages  in  all  hospitals
(n  =  60).
Site Time  Total  for  hospitals  Z-Test  score  P-Value
No.  (%)
95%  CI
Equipment
Pre-op  11/71  (15.5)
7.07  to  23.91 −1.286 0.20
Post-op  16/66  (24.2)
13.90  to  34.58
Environment
Pre-op  15/44  (34.1)
20.08  to  48.1 −0.088 0.93
Post-op 14/40  (35.0)
20.22  to  49.78
Personnel
Pre-op  2/9  (22.2)
−4.94  to  49.38 0.409  0.68
Post-op 2/13  (15.4)
−4.23  to  34.99
All
sites
Pre-op 28/124  (22.6)
15.22  to  29.94 −0.779 0.44
Post-op 32/119  (26.9)
.86
i
t
b
f18.92  to  34
The  results  shown  in  Table  3 demonstrate  that
overall, there  was  a  higher  level  of  bacterial
contamination  in  the  private  hospitals  (29  out
of 101  samples,  28.7%)  compared  to  the  pub-
lic hospitals  (31  out  of  142  samples,  21.8%);
however, this  difference  was  not  statistically  signif-
icant (P  =  0.22).  Moreover,  no  signiﬁcant  differences
H
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Table  3  Differences  in  bacterial  contamination  between  p
Site  Time  Public  P
No.  (%)
95%  CI
N
9
Equipment
Pre-op  5/42  (11.9)
2.11  to  21.69
6
5
Post-op  11/39  (28.2)
14.09  to  42.33
5
3
Environment
Pre-op  4/22  (18.2)
20.6  to  34.30
1
2
Post-op  8/23  (34.8)
15.32  to  54.24
6
1
Personnel
Pre-op  1/8  (12.5)
−10.42  to  35.42
1
N
Post-op  2/8  (25.0)
−5.01  to  55.01
0
N
All  sites
Pre-op  10/72  (13.9)
5.90  to  21.88
1
2
Post-op 21/70  (30.0)
19.26  to  40.74
1
1
All  times  31/142  (21.8)
15.04  to  28.62
2
1
N.A., not available.
* Signiﬁcant at P < 0.05.n the  prevalences  of  bacterial  contamination  in
he equipment,  the  environment  and  the  people
etween pre-operation  and  post-operation  samples
rom public  and  private  hospitals  were  observed.
owever, in  the  pre-operation  samples  that  were
aken from  the  environment  and  the  people  in
he private  hospitals,  signiﬁcantly  higher  levels  of
ublic  and  private  hospitals  (n  =  60).
rivate  Z-Test  score  P-Value
o. (%)
5%  CI
/29  (20.7)
.59—35.34
1.006  0.31
/27  (18.5)
.87—33.17
0.903  0.37
1/22  (50.0)
9.11—70.89
−2.226  0.026*
/17  (35.3)
2.57—58.01
−0.034  0.98
/1  (100.0)
.A.
−1.984  0.048*
/5  (0.0)
.A.
1.215  0.22
8/52  (34.6)
1.69—47.55
−2.724  0.007*
1/49  (22.5)
0.77—34.13
0.914  0.36
9/101  (28.7)
9.89—37.53
−1.226  0.22
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Bacterial  contamination  in  general  operating  theat
acterial  contamination  were  identiﬁed  in  com-
arison  to  public  hospitals  (P  =  0.026  and  0.048,
espectively)  (Table  3).
istribution of contaminated samples
ccording to  source
n  the  equipment  category,  the  overall  percentage
f contamination  was  45%  (27  out  of  60  samples)
f the  total  number  of  samples  that  tested  pos-
tive for  contamination,  and  11  of  these  samples
40.7%) came  from  pre-operation  swabs  com-
ared  with  16  samples  (59.3%)  from  post-operation
wabs. The  overall  percentage  of  contamination
n the  environmental  category  was  48.3%  (29  out
f 60  samples  were  contaminated),  and  15  of
hese  samples  (51.7%)  came  from  pre-operation
wabs compared  with  14  samples  (48.3%)  from  the
ost-operation  swabs.  Meanwhile,  only  6.67%  (4
ut of  60  samples)  of  the  positive  swabs  were
rom samples  that  were  collected  from  hospital
ersonnel; 2 (50%)  were  from  pre-operation  sam-
les, and  2  were  from  post-operation  samples
Table 4).
The percentage  of  contamination  in  the  environ-
ental category  was  higher  than  the  percentage
n the  equipment  category  (48.3%  vs.  45%).  How-
ver, both  environmental  and  equipment  categories
ad signiﬁcantly  higher  percentages  of  contami-
ation compared  to  the  personnel  category.  The
ighest percentage  of  contaminated  swabs  (15.0%)
as observed  in  the  ﬂoor  samples  followed  by  the
uction  tip  samples  (13.33%).  The  third-highest  per-
entage of  contaminated  swabs  (10.0%)  was  in  the
perating  room  wall  samples.  The  fourth-highest
ercentages  of  contaminated  swabs  were  in  the
oor and  the  anesthesia  trolley  samples,  which
roduced equal  rates  of  contaminated  swabs;  5
amples (8.33%)  were  found  to  be  positive  in  each
ase. Approximately  6.66%  of  the  contaminated
wabs were  from  the  surgical-waste  container  and
he air  conditioner,  and  3.33%  of  the  contam-
nated swabs  were  collected  from  the  surgical
rolley, the  oxygen  device  and  the  hands  of  the
urgeons.
The fewest  contaminated  samples  (one  swab
rom each  category  was  contaminated,  i.e.,  1.66%)
ere recovered  from  the  Cidex  solution,  the  ster-
lizing  pan,  the  washing  pan,  the  laryngoscope,  the
-ray screen,  the  cautery  instrument,  the  over-
ead light  and  the  clothes  and  facemasks  of  the
urgeons.  However,  no  contaminated  samples  were
ecovered  from  the  gloves  of  the  surgeons  at  any
ospital  in  the  pre-operation  or  post-operation
tages.
n
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ypes and frequencies of bacterial genera
solated from the contaminated samples
acterial  isolates  (64)  that  were  distributed
etween seven  different  bacterial  genera  (sev-
ral were  diagnosed  at  the  species  level)  were
solated from  the  60  contaminated  samples  that
ere recovered  from  the  four  hospitals.  However,
 contaminated  samples  contained  two  different
acterial isolates  (Table  5).
The highest  percentage  of  bacteria  was  from
he genus  Staphylococcus  (29  samples,  45.31%),
hich  was  identiﬁed  in  samples  from  all  four  hos-
itals, although  it  was  present  at  a  higher  rate
n the  private  hospitals.  Of  these  Staphylococcus
pecies, 10.34%  (3  out  of  29  samples)  were  Staphy-
ococcus  aureus,  and  the  remainder  (89.66%,  26
ut of  29  samples)  registered  as  coagulase-negative
taphylococci.  The  second-highest  percentage  of
acterial isolates  was  from  the  genus  Enterobac-
er (15  samples,  23.44%),  with  the  highest  rate
eing observed  in  the  samples  from  the  public  hos-
itals. The  third-highest  percentages  of  bacteria
ere from  the  genera  Escherichia, Klebsiella  and
cinetobacter  (5  isolates  for  each  genus,  7.81%),
hereas  the  genus  Pseudomonas  was  identiﬁed  in  3
amples (4.69%).  Meanwhile,  the  bacterial  isolates
hat were  encountered  the  least  were  from  the
enus Streptococcus  (2  isolates,  3.13%).  The  most
ommon bacterial  genera  that  were  recovered  were
taphylococcus  and  Enterobacter,  which  together
epresented  more  than  two  thirds  (68.75%)  of  all  of
he bacterial  isolates.
iscussion
his  study  investigates  the  prevalence  of  bacte-
ial contamination  in  general  operating  theaters
t public  and  private  hospitals  in  the  Gaza  Strip.
he prevalence  (24.7%)  of  bacterial  contamination
evealed by  this  study  is  higher  than  a  published
tudy that  was  conducted  in  Iraq,  where  the  authors
ound  that  in  1216  swabs,  the  percentage  of  sam-
les that  were  positive  for  bacteria  was  3.7%  in
001 and  4.0%  in  2002  [2];  similar  results  were
btained  in  studies  conducted  in  other  countries
4,15,16]. However,  the  prevalence  of  bacterial
ontamination reported  in  this  study  is  lower  than
he prevalence  reported  in  a study  conducted  in
angladesh  (37.4%)  [17].
The overall  percentage  of  bacterial  contami-ation was  higher  in  the  post-operation  samples
ompared to  the  pre-operation  samples.  It  is
cceptable  and  expected  that  more  contamina-
ion would  be  observed  after  performing  surgery.
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Table  4  Distribution  of  contaminated  samples  according  to  source  (n  =  60).
Source  Equipment
Place Onset Operation
bed
Cidex
solution
Gloves Instrument
trolley
Anesthesia
trolley
Sterilizing
pan
Washing
pan
Suction
tip
Oxygen
device
Laryngo-
scope
X-ray
screen
Cautery
Public
1
Pre *a * *
Post **  **
Public
2
Pre * *
Post * * * * * * *
Private
1
Pre  *  *
Post  *
Private
2
Pre * * * *
Post * * **
Total  pre-op. 2 0 0 1 2 0 1 3 2 0 0 0
Total  post-op. 2 1 0 1 3 1 0 5 0 1 1 1
Grand  total  % 4
6.66
1
1.66
0.00 2
3.33
5
8.33
1
1.66
1
1.66
8
13.33
2
3.33
1
1.66
1
1.66
1
1.66
Source Environment  Personnel  Total
onset
Total
hospital
Place Onset Floor Door Wall Waste
container
Air con-
ditioner
Overhead
light
Hands  Clothes  Facemask
Public
1
Pre **  5
12Post  **  *  7
Public
2
Pre  **  * 5
19Post  *  *  *  *  *  * *  14
Private
1
Pre  *  *  *  *  *  7
9Post  *  2
Private
2
Pre ** * *  *  *  *  11
20Post * * *  *  *  9
Total  pre-op. 5 2 4 2 2 0 1 0  1  28
46.67 60
Total  post-op. 4 3 2 2 2  1  1  1  0  32
53.33
Grand  total  % 9
15.0
5
8.33
6
10.0
4
6.66
4
6.66%
1
1.66
2
3.33
1
1.66
1
1.66
60
100
a Frequency of contaminated samples.
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Table  5  Types  and  percentages  of  bacterial  genera  isolated  from  contaminated  samples  (n  =  60).
Bacterial  genera Public  1  Public  2  Private  1  Private  2  Total
Staphylococcus  (5)  7.81%  (4)  6.25%  (8)  12.50%  (12)  18.75%  (29)  45.31%
Enterobacter  (0)  0.00%  (13)  20.31%  (0)  0.00%  (2)  3.13%  (15)  23.44%
Escherichia  coli (5)  7.81% (0)  0.00% (0)  0.00% (0)  0.00% (5)  7.81%
Klebsiella (3)  4.69% (2)  3.13% (0)  0.00% (0)  0.00% (5)  7.81%
Acinetobacter  (0)  0.00%  (1)  1.56%  (0)  0.00%  (4)  6.25%  (5)  7.81%
Pseudomonas  (1)  1.56%  (1)  1.56%  (1)  1.56%  (0)  0.00%  (3)  4.69%
Streptococcus  (0)  0.00%  (0)  0.00%  (0)  0.00%  (2)  3.13%  (2)  3.13%
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bTotal  (14)  21.87%  (21)  32.81%
owever,  this  elevated  percentage  of  contamina-
ion in  general  operating  theaters  carries  a high
isk for  developing  post-operative  SSIs,  which  con-
titute a  major  source  of  morbidity  and  mortality
nd are  important  indicators  of  outcomes  after
urgery.  SSIs  are  the  second-most  frequent  noso-
omial infection  identiﬁed  in  the  populations  of
eneral hospitals.  Kelkar  et  al.  showed  that  patients
ho develop  SSIs  are  ﬁve  times  more  likely  to  be  re-
dmitted  and  re-operated  on  than  those  without  an
nfection and  are  twice  as  likely  to  die  during  the
ost-operative  period  [18,19].  In  addition,  SSIs  are
onsidered  the  third  most  commonly  reported  noso-
omial infection  and  account  for  approximately  one
uarter of  all  nosocomial  infections  [20].  SSIs  are
esponsible  for  the  increasing  costs,  morbidity  and
ortality associated  with  surgical  operations  and
ontinue  to  be  a  major  problem,  even  in  hospi-
als with  the  most  modern  facilities  and  standard
rotocols for  pre-operative  preparation  and  the
dministration  of  antibiotic  prophylaxis  [21].  The
eported  rates  of  SSIs  prevalence  are  as  low  as  2.5%
nd as  high  as  41.9%  [22,23].
The high  percentage  of  positive  samples
btained in  our  study  can  be  attributed  to  the
ollowing  factors.  First,  the  complete  siege  of  the
aza Strip  lasted  more  than  three  years,  which
esulted in  serious  deﬁciencies  in  the  quality  of  dis-
nfectants,  antiseptics  and  sterilization  techniques
mployed  in  operating  theaters.  Furthermore,
he maintenance  of  instruments  and  equipment
roved notably  difﬁcult,  due  to  the  shortage  of
pare parts.  Second,  the  majority  of  the  samples
ere collected  shortly  after  the  last  war,  when  the
aza Strip  was  still  under  a  complete  siege.  During
hat period,  the  hundreds  of  surgical  operations
hat were  undertaken  to  save  the  lives  of  severely
njured people  were  performed  under  difﬁcult
ircumstances  and  unusual  conditions.  Third,
he study  population  was  relatively  small  (243
amples).  In  a  study  similar  to  ours  using  only
1 samples,  37.4%  of  the  samples  were  positive
or contamination,  whereas  in  a  study  using  1216
t
t
m(9)  14.06%  (20)  31.26%  (64)  100%
amples,  only  4%  of  the  samples  were  positive
2,17].
The risk  factors  related  to  infections  that  are
ssociated with  operating  theaters  include  patient-
ssociated  risks,  the  operating  room  environment,
entilation systems,  cleansing  and  sterilization
echniques, and  operating  room  personnel  [24].
n this  study,  the  equipment  category  was  found
o be  responsible  for  45%  of  the  total  number  of
ositive  samples.  The  suction  tip  was  the  high-
st source  of  contamination  in  this  category  and
as responsible  for  13.33%  of  the  total  number
f contaminations.  This  result  is  lower  than  that
bserved  by  Bently  et  al.,  who  reported  that  the
uction tip  was  responsible  for  41.0%  of  bacte-
ial contaminations  [25].  The  anesthesia  trolley
as responsible  for  8.33%  of  the  total  number  of
ontaminations,  which  can  be  dangerous  or  even
atal to  patients  because  anesthesia  procedures
ould introduce  bacteria  directly  into  the  respira-
ory system.  These  data  are  supported  in  a  study
y Loftus  [26],  which  demonstrated  that  potentially
athogenic,  multi-drug  resistant  bacteria,  such  as
ethicillin-resistant  S.  aureus  and  vancomycin-
esistant enterococci,  are  transmitted  during  the
ractice of  general  anesthesia  to  the  anesthe-
ia work  area  and  the  intravenous  stopcock.  This
ontamination  was  associated  with  increased  noso-
omial infection  rates  and  a  signiﬁcant  increase
n postoperative  mortality  [26].  In  our  study,  the
revalence  of  bacterial  contamination  from  the
nstrument  table  samples  was  3.33%.  This  result  is
ower than  the  ﬁndings  in  other  studies  that  report
ositive  cultures  in  7  out  of  77  (9.1%)  instrument
able samples  [15].  The  overhead  light  was  respon-
ible for  1.66%  of  the  total  contamination,  which  is
 relatively  low  percentage.  This  result  is  consistent
ith  a study  by  Hussein  et  al.,  which  detected  no
acterial  contamination  from  swabs  collected  from
he overhead  light  handles  [27].
Personnel  were  responsible  for  6.62%  of  the
otal contamination,  which  is  lower  than  the  equip-
ent and  environment  categories.  This  result  is  in
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accordance  with  results  from  a  CDC  study  (2003)
that revealed  that  outbreaks  of  SSIs  caused  by  group
A -hemolytic  streptococci  have  been  transmitted
from the  operating  room  personnel  to  other  per-
sons [28].  Masks  were  responsible  for  only  1.66%
of the  total  contamination,  which  is  relatively  low
and indicates  the  importance  of  wearing  masks
for all  persons  entering  operation  theaters  dur-
ing surgeries.  This  result  is  supported  by  other
studies that  have  shown  that  bacterial  contam-
ination is  signiﬁcantly  higher  when  no  mask  is
worn compared  to  when  a  full  mask  is  worn
[4,29,30].
From the  60  contaminated  swabs  that  were
acquired in  this  study,  64  bacterial  isolates  were
identiﬁed  that  were  distributed  over  7  bacterial
genera. The  highest  number  of  contaminated  sam-
ples contained  Staphylococcus  spp.  (45.31%),  and
most of  these  isolates  were  coagulase-negative
staphylococci.  This  result  is  in  agreement  with
other studies  that  have  shown  that  coagulase-
negative staphylococci  are  the  most  commonly
isolated organisms  from  all  sites  in  the  operating-
room environment  [2,4,15,28,31].  However,  other
studies have  reported  S.  aureus  as  a  contami-
nant isolated  from  postoperative  wound  infections
[19,22,31—33].
In this  study,  the  number  of  samples  contami-
nated with  Escherichia  coli,  which  accounted  for
7.81% of  the  isolates,  was  lower  than  the  number
reported  in  another  study  (62.5%)  [2];  yet  another
study  reported  an  even  lower  percentage  than  was
detected  in  this  study  (4.8%)  [19].
In  addition,  Acinetobacter  spp.  account  for
7.81% of  the  contaminated  samples.  This  preva-
lence  rate  is  higher  than  that  reported  in  a  study  by
Kownhar et  al.,  who  found  that  3.2%  of  positive  iso-
lates were  Acinetobacter  spp.  [19].  Acinetobacter
baumannii has  emerged  as  a  serious  agent  of  noso-
comial  and  community-acquired  infections.  The
increase  in  A.  baumannii  infections  as  a nosocomial
pathogen  is  paralleled  by  its  alarming  develop-
ment of  resistance  to  antibiotics.  The  difﬁculty  and
sometimes  the  inability  to  eradicate  this  bacterial
species  in  healthcare  facilities,  its  inherent  hardi-
ness and  its  pattern  of  multidrug  resistance  to  a
wide range  of  antimicrobial  agents  has  resulted  in
its emergence  as  a  serious  and  dangerous  nosoco-
mial  pathogen  [16,34].
Anaerobic  and/or  fastidiously  growing  bacte-
ria were  not  identiﬁed  in  this  study  because  the
isolation  of  these  species  requires  special  proce-
dures and  equipment  that  were  not  available.  Other
microbial  contaminants,  such  as  molds  and  yeasts,
which were  beyond  the  scope  of  this  study  were  not
investigated.  Moreover,  we  did  not  evaluate  the  airN.A.  Al  Laham
n  the  operating  theaters,  which  is  considered  an
mportant  source  of  contamination.
onclusions and recommendations
his  study  reveals  that  the  moderate  percentage
f bacterial  contamination  found  in  the  general
perating theaters  of  the  target  hospitals,  both  in
he pre-operation  and  post-operation  stages,  is  a
erious problem.  The  data  are  especially  signiﬁ-
ant because  the  contaminations  were  identiﬁed  in
reas that  should  be  clean  and  should  contain  a  min-
mal number  of  microbes  at  all  times  for  the  safety
f the  patients  and  the  health  workers.  The  levels
f contamination  observed  in  this  study  carry  a high
isk for  the  development  of  post-operative  surgical-
ite infections.  These  results  demonstrate  the  need
or revising  the  cleansing  and  scrubbing  procedures
n our  general  operating  theaters  in  public  and  in
rivate hospitals  to  prevent  or  at  least  alleviate
he causes  of  contamination  and  to  maintain  a  high
evel of  cleanliness  and  safety  for  both  patients  and
ealth workers.
Finally, we  recommend  future  studies  to
nvestigate the  prevalence  of  anaerobic  and
astidious-growing bacteria  and  other  microbial
ontaminants, such  as  fungi,  in  our  hospital  operat-
ng theaters  and  also  to  expand  the  study  to  include
ther  items,  such  as  air  samples.
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